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The hypothiocyanite ion (OSCN-) is a normal component ofhuman saliva. It is
a highly reactive oxidizing agent, and at concentrations above the values normally
found in human saliva, it inhibits the growth and metabolism of oral bacteria. This
finding has led to the suggestion that antibacterial properties of human saliva
might be enhanced in vivo by appropriate supplements which elevate OSCN-
concentrations. Since DNA is sensitive to oxidizing agents (hydrogen peroxide
attacks nucleosides), high concentrations of OSCN- in human saliva might
damage DNA and produce deleterious effects on the oral mucosa. In the present
study, the effect of high OSCN- concentrations on several mutagen-sensitive
Salmonella typhimurium strains was determined. These strains are used to detect
base-pair substitutions and frameshift mutations. We also studied the effects of
OSCN- on a Saccharomyces cerevisiae (yeast) strain commonly employed as a
test cell for evaluating the potential of a compound to produce gene conversion,
mitotic crossing-over, or reverse mutation. By recording the UV spectra of
mixtures of calf thymus DNA and OSCN-, we explored the possible in vitro
reactions of this oxidizing agent with eucaryotic genetic material. Our results
show that, at concentrations above 10 ,uM, OSCN- is toxic for the tested
Salmonella typhimurium strains. The mutant strains with defects in cell wall
lipopolysaccharides are killed more readily by OSCN- than is the strain lacking
these defects. However, OSCN- was not mutagenic for any of the tested strains.
Saccharomyces cerevisiae was not affected by OSCN- even at concentrations
above 800 ,uM. Calf thymus DNA was not oxidized by OSCN-. We conclude that
the elevated concentrations ofOSCN- required to produce antibacterial effects in
the human mouth pose no threat to the genetic material of host tissues.

The hypothiocyanite ion (OSCN-) is one of
the principal oxidized forms of thiocyanate
(SCN-) generated by the peroxidase-SCN-
H202 system at neutral pH (20). The concentra-
tion of this antibacterial factor in milk (12) and
saliva (17) can be significantly increased by the
addition of SCN- and H202. These results have
suggested that the antibacterial properties of the
peroxidase system might be enhanced in vivo by
appropriate supplements (11, 12, 17).

It is important to determine that measures
which elevate OSCN- concentrations above the
normal levels (11, 17, 20) found in human secre-
tions do not produce negative side effects. Al-
though there have been no reports of untoward
effects of elevated OSCN- concentrations in
human secretions, OSCN- is a very reactive
oxidizing agent (9, 18), and the possibility of its
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interaction with nucleic acids and of resulting
subsequent mutagenic effects should be evaluat-
ed.

In recent years, the techniques developed by
Ames and co-workers (1) have been used exten-
sively to test compounds for mutagenicity.
When Ames et al. tested known carcinogens in
their system, they found a correlation of about
901% between the carcinogenicity of tested sub-
stances and the capacity of these substances to
produce back-mutation in the test strains of
Salmonella (8). The failure of a test substance to
produce mutagenesis in the Ames assay is a
strong, although not absolute, indication that the
substance is non-carcinogenic. We describe here
experiments in which we evaluated bacteriostat-
ic, bactericidal, and mutagenic effects of
OSCN- against three strains of histidine-defi-
cient Salmonella typhimurium mutants. We also
prepared OSCN- by nonenzymatic methods
and compared the results obtained with those
obtained by methods in which peroxidase is

267



268 WHITE, PRUITT, AND MANSSON-RAHEMTULLA

used as a catalyst, and we studied the correla-
tion between antibacterial effects and cell wall
properties in the tested strains.

In other experiments, we examined the effect
of OSCN- on a Saccharomyces cerevisiae
(yeast) strain. Because the cell envelope of
Saccharomyces cerevisiae has been shown to be
permeable to SCN- (2), we reasoned that it
might also be permeable to OSCN- and that a
study of the effects of OSCN- on this microor-
ganism would provide additional, although indi-
rect, evidence of possible interaction of OSCN-
with genetic material.

Finally, we studied the in vitro reaction of a
preparation of OSCN- with calf thymus DNA.
Our thinking was that these experiments would
provide direct evidence for possible reactions of
OSCN- with eucaryotic genetic material.

MATERIAL AND METHODS
Bacterial ad yeas stns. All Salmonella typhimur-

ium strains were obtained from B. N. Ames, Universi-
ty of California, Berkeley. Strain TA1535 contains the
hisG46 histidine mutation which is used for detecting
base-pair substitutions. Strains TA1537 and TA1538
contain the hisC-3076 and hisD-3052 mutations, re-
spectively, and are used to detect frameshift mutations
(1). All three strains have defects in the uvrB gene
which render them incapable of excision repair and in
the rfa mutations which contribute the deep rough
character to the cell wall. This property increases the
permeability of the cell envelope. In contrast, hisG46
(the parent strain ofTA1535) has a normal cell wall but
is repair deficient.
Saccharomyces cerevisiae D-7 was obtained from

Friedrich K. Zimmerman, Tech. Hoch., Darmstadt,
W. Germany. This diploid strain contains trp5-121trp5-
27, ade240/ade2-119, and ilv1-921ilv1-92, which are
used to detect gene conversion, mitotic crossing-over,
and reverse mutation, respectively (22).
Prepat of OSCN-. OSCN- was prepared enzy-

matically from solutions containing potassium SCN (5
mM), bovine lactoperoxidase (2.5 Fg/ml; Sigma Chem-
ical Co., St. Louis, Mo.), and hydrogen peroxide
(H202) (2.5 mM) in phosphate-buffered saline (0.01 M,
pH 6.5).
The non-enzymatically prepared OSCN- was ex-

tracted from CC14 solutions of thiocyanogen (SCN)2 as
follows. Silver SCN was synthesized by adding 20.6 g
of silver nitrate (AgNO3) in 100 ml of quartz-distilled
water to a solution of sodium thiocyanate, also in
quartz-distilled water (9.81 g in 100 ml). The precipi-
tate was collected by ffitration and washed in cold
water. Silver SCN was dried in a vacuum over calcium
chloride (CaC12). The (SCN)2 was prepared by adding
dropwise 0.25 g of bromine (Br2) in 25 ml of carbon
tetrachloride (CC14) to 3.5 g of silver SCN in 15 ml of
CC14 (5, 15). The (SCN)2 solution was separated by
centrifugation and stored in the dark and cold until
use. The concentration of (SCN)2 was determined
spectrophotometrically (4). The OSCN- was prepared
immediately before the start of the experiment by
extraction of (SCN)2 in sodium hydroxide (NaOH).
Two milliliters of the (SCN)2 preparation in 50 ml of
CC1I were added dropwise into rapidly stirred, ice-

cold 0.03 M NaOH (18). OSCN- was assayed as
described by Aune and Thomas (3).
To be able to attach significance to the results, it

was necessary to study the stability of OSCN- in
molten agar under the conditions of the bacterial tests.
The disappearance ofOSCN- was measured in agar at
45C under test conditions but with the bacteria omit-
ted. For comparative purposes, the kinetics of disap-
pearance were also studied at 45C in water and in
phosphate-buffered saline. An additional analysis of
decay kinetics at 0°C was carried out to estimate an
apparent activation energy for the decay process.

Bacteria studies. Because the OSCN- reacted with
some component in nutrient broth, bacteria for mu-
tagenicity testing were grown in a minimal synthetic
medium. The original bacteria stock was grown in
nutrient broth (Difco Laboratories, Detroit, Mich.)
and stored (8% dimethyl sulfoxide) at -70°C in small
vials (1). On the morning of the tests, vials were
thawed, and 0.2 to 0.3 ml was added to -15 ml of
Vogel-Bonner (21) salts with 2% glucose and supple-
mented with 10' M histidine and 10-4 M biotin. The
bacteria were allowed to grow in a water bath shaker
(37°C) for 6 h until the absorbancy at 660 mm was 0.7 to
0.8. Top agar (0.5% agar-0.45% NaCl-10-5 M histi-
dine-10-5 M biotin) was melted in boiling water and
then cooled and maintained at 45°C in a water bath.
Bacteria were added (an aliquot of 5% of the agar
volume), the bacterial agar suspension (16 ml) was
pipetted into 25-ml Erlenmeyer flasks, and selected
concentrations of OSCN- were added. The agar sus-
pension was shaken at 45°C in the same water bath.
Toxicty studies. Five minutes after addition of the

OSCN-, 1 ml of agar suspension was diluted to 10 ml
with Vogel-Bonner salts. This sample was serially
diluted in Vogel-Bonner salts, and 0.1-ml samples
were added to 2 ml of molten agar containing 10' M
histidine and 10' M biotin at 45C in a melting block
apparatus (Fisher Scientific Co., Philadelphia, Pa.).
These mixtures were then shaken and poured into
bottom agar plates (Vogel-Bonner salts, 2% glucose,
1.5% agar). The 10'- M histidine provided sufficient
histidine for all bacteria to grow. Quadruplicate plat-
ings were done for each chosen dilution.
Mutagenicty studies. Two-milliliter samples of the

agar suspension were pipetted onto bottom agar
plates. To confirm that the assay was working at each
concentration of OSCN- tested, three 2-ml samples of
the agar suspension were added separately to tubes at
45°C containing 0.2 ml of known mutagens (NaN3 for
strain TA153S, 9-NH2-acridine for strain TA1537, and
2-NO2-fluorene for strain TA1538). The 10-5 M histi-
dine was sufficient for a few divisions so that the
bacteria could produce a translucent lawn.

Controls. Controls were treated in the same way,
except no OSCN- was added. The presence of the
deep rough membrane character was confirmed with a
drop of crystal violet added to the center of a plate.
Because of the cell envelope defect in the deep rough
strains, a clear killing zone develops around the point
of addition of the crystal violet.

Radial diffson mutation tests. A 0.1-ml sample of
bacteria in 2 ml of top agar was poured onto the plates.
After the agar had gelled (5 min), a 4-mm well was cut
into the agar so that 0.05 ml of test compound at a high
concentration could be accommodated. The com-
pound diffuses radially in such a way that its concen-
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FIG. 1. Decay kinetics of OSCN-. Solutions of

OSCN- were prepared with the bovine lactoperoxi-
dase catalyzed oxidation of SCN-. Reactions were
carried out by adding OSCN- at t = 0 to phosphate-
buffered saline (U, 0°C; 0, 450C), to water (0, 450C),
and to molten agar (0, 450C). The total OSCN- was
determined as described in the text. Data were ana-
lyzed by the method of least squares applied to plots of
natural log versus time. From these analyses, the
following apparent first-order rate constants (per min-
ute) were determined: * = 0.0117, 0 = 0.0299,0 =
0.0177, 0 = 0.0193.

tration decreases approximately with the square of the
distance. Initially, the high dose is toxic, as indicated
by the absence of a bacterial lawn. If the compound is
mutagenic, the optimum concentration will be
achieved somewhere on the plate and mutants will
appear in a ring around the well, in contrast to
spontaneous mutants, which are randomly distributed.
Farther from the well, the concentration is so low that
only spontaneous mutants appear.

Saccharomyces cerevsiae. Saccharomyces cerevisiae
D-7 was grown from a single colony in a water bath
shaken at 300C in yeast-peptone-dextrose broth con-
taining 1% yeast extract (Difco), 2% Bacto-Peptone
(Difco), and 1% glucose to a concentration of 3 x
105/ml as determined by plating. At this point, the
colonies were still in log phase. The organisms were
centrifuged, washed, suspended in water, and incubat-
ed for I h with OSCN- at a cell density of 4 x 106 ml-'
at 30°C. The organisms were diluted 103 in water and
plated on yeast-peptone-dextrose plates containing
1.5% agar. The plates were incubated for 2 days at
30°C and then counted.

Reaction of calf thymus DNA with OSCN-. The

DNA (calf thymus DNA, sodium salt, type I; Sigma)
was dissolved in water and mixed with enzymatically
prepared OSCN-. Two types of experiments were
carried out. Oxidation of DNA was monitored by
recording the absorbancy at 257 nm (7) for 30 min after
addition of OSCN-. The initial concentration of
OSCN- in the reaction mixture was 89 ,uM. The DNA
concentration was sufficient to give an absorbancy at
257 nm of 0.69. Assuming a nucleotide molar extinc-
tion coefficient of 6,400 M1 cm-' (6), the calculated
concentration is 106 ,uM in nucleotide residues. In the
second series of experiments, the disappearance of
OSCN- was monitored by recording the absorbancy
at 233 nm (9) for 20 min after addition of OSCN-.
Initial concentrations were 93 FM OSCN- and 8 FM
DNA (nucleotide residues).

RESULTS

Stability of OSCN-. The decomposition of
enzymatically generated (see Materials and
Methods) OSCN- was followed at 45 and 0°C.
The decomposition followed first-order kinetics
at both temperatures (Fig. 1) and was much
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FIG. 2. Effect of OSCN- concentration on viabili-

ty of selected strains of S. typhimurium. The strains
were incubated with the indicated initial concentra-
tions of OSCN- for 5 min in molten (450C) agar and
then immediately diluted into growth medium for
subsequent viability determinations, using agar plates
as described in the text. Data are plotted for the parent
strain, G-46 (-), and for strain TA1535 with cell
envelope defect (0, 0). For this latter strain, OSCN-
prepared both from the purified lactoperoxidase sys-
tem (0) and from the hydrolysis of (SCN)2 (0) were
used. The survival fraction is the ratio of the counts
observed for the incubations with OSCN- to the
counts observed for appropriate controls.
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TABLE 1. Effect of OSCN- on mutations in radial
diffusion experiments

No. of mutant colonies obtained with foilowing
test substancea:

Strain Negative OSCN-c Positive control

cnrolb (kiling Zone (kifling zonecontrolb [mil) [mm])d

TA1535 66 ± 16 61 ± 10:(2) >5,000 (0)
TA1537 26 ± 9 26± 3:(2) >2,000 (8)
TA1538 55 ± 3 55 ± 5: (2) >1,000 (2)

Test strains were plate in top apr immediatey
before the additi of 0.05 ml of the test substance to
the test well (diameter, 4 mm). Numbers ± stalard
deviations are the number of subsequently observed
mutant colonies (n = 4).

b Dimethyl sulfoxide; nonmutagenic control for ran-
dom mutations.

c Initial concentation, 970 I&M.
d The following known mutagens were used: sodium

azide (initial concentratio, 0.02 M; >5,000 colonies),
9-aminoacridine (initial concentrtion, 0.01 M; >2,000
colonies), 2-nitrofluorene (initial concentration, 0.1
mM; >1,000 colonies).

more rapid at 45C (half-life, 23 min) than at OC
(half-life, 59 min).

Bactercidal rtes of OSCN-. Both the
tested strains of bacteria were killed by OSCN-
(Fig. 2). The same effects were observed with
enzymatically prepared OSCN- and with solu-
tions prepared in the absence of the enzyme.
The strain with intact cell wall was more resist-
ant to killing than the defective cell wall mutant.
Under the conditions of the mutagenicity test,
killing zones of 2 mm were observed for strains
TA1535, TA1538, and TA1537 in the diffusion
experiments.
Mutagenic p i of OSCN-. Table 1 illus-

trates the radial diffusion technique and shows
that, when the test strains were incubated with
known mutagens, more than 1,000 back-muta-
tions were observed in every case. These mu-

tants formed a ring around the well. However,
OSCN- produced only background mutations
which were randomly distributed on the plates.
Table 2 shows the absence of mutations in

which the concentration of OSCN- ranged over

4 orders of magnitude. In this study, all bacteria
were exposed to the indicated OSCN- concen-

tration before plating. At the lower doses, there
was no killing; at the higher doses, only 1 cell in
104 survived. The positive controls indicated
that OSCN- had no effect on mutagenicity until
the toxic level was reached. The differences in
cell wall permeability are illustrated by compar-
ing the cell wall-defective strain TA1535 (5,000
mutants) with the intact hisG46 (100 mutants)
parent.

Effect of OSCN- on Saccharoemyces ceremwiuae.
OSCN- was not toxic for Saccharomyces cere-
visiae D-7 even at concentrations 10-fold higher
than those which killed 99.999o of Salmonella
typhimurium (Table 3).
Re of OSCN- with calf thym DNA.

Mixtures of the DNA and OSCN- (generated
with the lactoperoxidase-SCN--H202 system)
did not show any change in their UV spectra
over periods of 20 to 30 min at room temperature
(21 to 230C). Oxidation of DNA would have
produceid siificant changes in the UV extinc-
tion of nucleoside residues (7), and the reaction
ofOSCN- would also have produced a decrease
in UV absorbance (9). The lack of change in the
continuously recorded absorbance (at 257 and
233 nm) ofthese reaction mixturs indicat that
no significant reactions occurred between nucle-
osides and OSCN-.

TABLE 2. Effect of incubation of Salmonella testor strains with various concentrations of OSCN-
Mean (±| SD) no. of colonies of strain:

OSCN- concn TA1535 TA1537 TA1538 hG46

Test Positive Test Positive Test Positive Test Positivest control st btcontrol control cn

0 23 ± 5 >5,000 20 ± 3 >2,000 60 6 1,250 2 131 35
0.11 ND ND 61 6 >1,250 ND
0.33 22± 4 >5,000 21 ± 1 >2,000 52 >1,250 6 89 23
1.1 23 6 >5,000 22 ± 10 >2,000 70 16 >1,250 19±4 187 27
3.3 37 10 >5,000 24 ± 4 >2,000 48 ± 4 >1,250 15±4 73 34

11 29 2 >5,000 32 ± 12 >2,000 55± 3 >1,250 10±4 95 48
33 Toxic Toxic Toxic Toxic Toxic Toxic 15 ± 3 ND
90 Toxic Toxic Toxic Toxic Toxic Toxic Toxic Toxic

a Bacteria were incubated for S min with the indicated OSCN concentration at45C in molten top agr before
plati. After plating, the apr was allowed to hbden at room temperature for 15 min, pdates wer incubated at
37°C for 2 days, and then the number ofmutant colonies were counted. Average number ofco ies ( sanard
deviat) for four pates are given. Positive controls were added immediately before plting and consisted of 1
pmd ofNaN3 per plate for TA1535, 0.1 pmol of 9- oacridine per plate for TA1537, 6 nmol of 2-nitrofluorene
per plate for TA1538, and 2 pmol of NaN3 per plate for hisG46. ND, Not determined.
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TABLE 3. Survival of Saccharomyces cerevisiae
exposed to OSCN a

OSCN- (>M) No. (mean ± SD) of CFU
(n =4)

0 375 27
100 380 19
215 397 18
430 359 ± 28
860 381 20

a Cells of Saccharomyces cerevisiae D-7 (4 x 106
ml-') were incubated with the indicated OSCN- con-
centration for t h at 30°C, subsequently plated on agar,
incubated for 2 days at 29C, and then counted.

DISCUSSION
In these experiments, the Salmonella typhi-

murium test strains were exposed initially to
OSCN- solutions by incubating reaction mix-
tures for 5 min at 45°C in molten agar. In the
absence of bacteria, these reaction conditions
per se did not result in significant decomposition
of OSCN- over the 5-min incubation period.
The apparent first-order rate constant for the
decomposition of OSCN- under these condi-
tions was 0.0193 min-' (Fig. 1). Thus, the
OSCN- concentrations to which the bacteria
were exposed in the toxicity and mutagenicity
tests ranged from 90 to 100% of the initial value.
Apparent first-order kinetics for OSCN- de-

composition were also observed by Thomas
(18). The results shown in Fig. 1 are in qualita-
tive agreement with his findings. Decomposition
rates were similar in agar and in water at 45°C
but were significantly greater in phosphate-buff-
ered saline at this temperature. Thomas (18) also
found increased decomposition rates in phos-
phate solutions. The apparent first-order rate
constants for the decomposition in phosphate-
buffered saline at 0 and 45°C (Fig. 1) yield a
calculated activation energy of 3,600 cal/mol.
There have been few studies of the effects of

the lactoperoxidase-SCN-H202 system on Sal-
monella typhimurium. Reiter et al. (13) found
that a strain of Salmonella typhimurium was
killed by the system, but the effect required
extended incubation periods. Using their data,
we estimated a survival fraction (ratio of ob-
served viable counts to initial viable counts) of
0.01 after 2 h of incubation. These authors did
not report the temperature of their incubation
mixture nor the OSCN- concentrations which
were used. However, the latter could not have
exceeded 150 FM under the conditions of their
experiments. The 5-min incubation period em-
ployed in the present studies gave a survival
fraction of 0.01 for all of the tested strains when
the initial OSCN- concentration was in the
range of 20 to 100 ,uM (Fig. 2).

Reiter et al. (13) suggested that the cell enve-
lope structure of Salmonella typhimurium exerts
a significant influence on the susceptibility of the
organism to killing by the lactoperoxidase-
SCN--H202 system. This suggestion was based
on the observations of Tagesson and Stendahl
(16) that Salmonella typhimurium mutants with
cell wall polysaccharide deficiencies were much
more susceptible to killing by the myeloperox-
idase-1r-H202 system than were strains with
intact cell walls. The results shown in Fig. 2
confirm the relationship between cell envelope
structure and peroxidase susceptibility of Sal-
monella typhimurium. Significantly higher
OSCN- concentrations were required to kill the
parent (G46) strain with intact cell wall as
compared with the strain (TA1535) with lipo-
polysaccharide deficiencies. The relationship is
also confirmed by the correlation between the
toxicity levels observed in the mutagenicity ex-
periments and the degree of cell envelope per-
meability of the test (Table 2). The toxic concen-
tration of OSCN- was threefold higher for the
strain with intact cell envelope as compared with
the mutant strains. This relationship between
cell envelope permeability and susceptibility to
killing by the peroxidase system may be a gener-
al property of gram-negative organisms, since it
has also been observed for several different
strains of Escherichia coli (13, 14, 19).

In addition to OSCN-, the peroxidase-SCN--
H202 system also generates highly reactive,
short-lived intermediates (9, 10). These interme-
diates have even greater antibacterial effects
than does OSCN- (17). To evaluate the possible
contribution of these intermediates to our re-
sults, we also prepared OSCN- by the hydroly-
sis of (SCN)2 (18), a method which does not
result in the generation of these intermediates.
The effects of OSCN- on the parent strain (G-
46) (Fig. 2) were identical whether the oxidizing
agent was generated by the peroxidase system
or by the nonenzymatic method.
The primary objective of the present study

was to determine whether the lactoperoxidase-
SCN--H202 system generated DNA-reactive
substances. In our studies, we utilized the sensi-
tive mutagenicity testing scheme developed by
Ames and co-workers (1). These strains are also
deficient in DNA repair mechanisms and are
thus especially sensitive to the effects of sub-
stances which damage DNA.
OSCN- did not produce mutagenic effects

even when tested at concentrations more than
five times greater than the concentrations which
inhibit the metabolism of human dental plaque
(17; Table 1). The number of mutations pro-
duced by OSCN- did not differ from the back-
ground of random mutations for any of the
tested strains. This lack of mutagenicity of
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OSCN- is significant because the test, as we
carried it out, was very sensitive to the effects of
known mutagens.
The Ames testor strains can also be incubated

directly with the test substance and the treated
bacteria can be analyzed subsequently for any
back-mutations produced by the treatment.
Known mutagens produced a very high number
of mutations in this test (Table 2). However, the
number of mutations produced by incubating the
test strains with OSCN- concentrations up to
the level of toxicity did not differ significantly
from the background number produced by incu-
bations in the absence of OSCN-. These results
show a lack of significant effect of OSCN- on
the DNA of test cells.
To obtain additional evidence of the possible

interaction of OSCN- with DNA, we studied a
Saccharomyces cerevisiae strain whose enve-
lopes are permeable to anions (2). Even the
highest OSCN- concentrations tested had no
effect on the subsequently observed viability of
this microorganism (Table 3).

Finally, we used the potential interaction of
OSCN- with calf thymus DNA as a direct model
for possible reactions with the DNA of mamma-
lian cells. Hydrogen peroxide will oxidize DNA
nucleosides, and these ring-opening reactions
produce significant changes in the UV extinction
of the affected molecules. However, incubation
of calf thymus DNA with OSCN- resulted in no
detectable change in the UV spectrum of the
DNA. Under these conditions, OSCN- does not
oxidize DNA. OSCN- itself has a UV absor-
bance peak which is eliminated by oxidation
reactions (9). When we monitored the UV spec-
trum at the peak for OSCN- absorbance in
mixtures of calf thymus DNA and OSCN-, we
found no significant changes.

In summary, we have tested the effect of
OSCN- on several mutagen-sensitive Salmonel-
la typhimurium strains, on a Saccharomyces
cerevisiae strain permeable to anions, and on
calf thymus DNA. Reactions of OSCN- leading
to base-pair substitutions, frameshift mutations,
gene conversion, mitotic crossing-over, or re-
verse mutation would be detected with this
group of test organisms. All of the results lead to
the conclusion that OSCN-, the principal prod-
uct of peroxidase-SCN-H202 system, does not
undergo significant reactions with DNA.
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